One of the methods to consider the effect of respiratory motion of a tumor target in radiotherapy is to establish a treatment plan with the internal target volume (ITV) created based on an accurate analysis of the target motion displacement. When this method is applied to intensity modulated radiotherapy (IMRT), it is expected to yield a different treatment dose distribution under the motion condition according to the IMRT method. In this study, we prepared ITV-based IMRT plans with conventional IMRT using fixed gantry angle beams, RapidArc using volumetric modulated arc therapy, and tomotherapy using helical therapy. Then, the variation in dose distribution caused by the target motion was analyzed by the dose measurement in the actual motion condition. A delivery quality assurance plan was prepared for the established IMRT plan and the dose distribution in the actual motion condition was measured and analyzed using a two-dimensional diode detector placed on a moving phantom capable of simulating breathing movements. The dose measurement was performed considering only a uniform target shape and motion in the superior-inferior (SI) direction. In this condition, it was confirmed that the error of the dose distribution due to the target motion is minimum in tomotherapy. This is thought to be due to the characteristic of tomotherapy that treats the target sequentially by dividing it into several slices. When the target shape is uniform and the main target motion direction is SI, it is considered that tomotherapy for the ITVbased IMRT method has a characteristic which can reduce the dose difference compared with the plan dose under the target motion condition.
Introduction
Many methods have been researched and developed to reduce the effect of respiratory motion of tumor targets during radiotherapy. These can be categorized into two main methods in the clinical practice. One is the gating and active breathing control (ABC) method, which allows irradiation only of a stable part of the tumor motion range. [1] [2] [3] [4] The other is to construct a treatment field based on the internal target volume (ITV) setting using fourdimensional computed tomography to accurately cover the whole area of the motion of the tumor target. 5, 6) A gating method can theoretically be considered as the optimal method to minimize the side effects on the surrounding normal tissue, because it can reduce the size of the treatment field. However, it has a limitation that it requires regular and stable respiration of the treated patients and it cannot be applied to all treatment machines. Therefore, it
In the case of ITV-based radiotherapy, the dose distribution of the general 3-dimensional conformal radiotherapy (3D CRT) is considered to be the same as the calculated dose distribution in the treatment area.
However, when the dose distribution changes dynamically according to the motion of the multi-leaf collimator (MLC) as in the intensity-modulated radiotherapy (IMRT), the change in the actual dose distribution due to tumor movement is expected to be significant. [7] [8] [9] [10] [11] The purpose of this study was to analyze the dose variation in the ITV-based IMRT treatment due to the respiratory motion, compared with the calculated dose distribution in the plan according to the IMRT performance technique. The ITV for the virtual tumor target for the phantom was set and the organ at risk volume (OAR) was delineated around it; three different IMRT plans, a fixed-gantry IMRT, a volumetric modulated arc therapy (VMAT), and tomotherapy (Accuray, Sunnyvale, CA, USA) using helical therapy were prepared separately. Delivery quality assurance (DQA) plans were established for these treatment plans, and dose distributions were measured under actual motion conditions. The dose variations were compared and analyzed for each treatment method in order to evaluate the effect of a target motion on the IMRT dosimetric error.
Materials and Methods

IMRT plan preparation
I'mRT Phantom (IBA, Schwarzenbruck, Germany) CT images were acquired and IMRT treatment plans were prepared by creating a virtual tumor target and peripheral OARs, as shown in Fig. 1 .
The shapes of the tumors were cylindrical, with a diameter of 6 cm and lengths of 2, 4, and 6 cm. The surrounding major organs were placed on a square column of side length 4 cm with height equal to that of the tumor and The effect of target motion according to the CTV increase due to CTV length increase is shown in Fig. 5 . In the case been developed yet. [12] [13] [14] Therefore, it is inevitable to establish a treatment plan based on ITV and to perform treatment in tomotherapy. In the case of patients who have difficulty maintaining stable breathing, which is indispensable for applying gating therapy, IMRT should be performed based on ITV. Based on the results, it was confirmed that tomotherapy is more suitable than other IMRT methods.
In this study, it was confirmed that the main dose error in a uniform target shape due to target motion in ITV-based tomotherapy treatment appears at both ends of the target SI direction. In most cases, the dose at the both ends of the target is lower than the dose calculated in the treatment plan, owing to the motion. This problem can be solved by an extension of the original ITV in the SI direction, considering the motion range. However, it is necessary to apply the method of expanding ITV only when there is no great risk considering the presence of OARs in the extended area of ITV.
Conclusion
Among the various ITV-based IMRT methods, it was www.ksmp.or.kr 
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